Abstract: We present a new spectroscopic technique for investigating shape resonances based on the association and dissociation of ultracold molecules using a Feshbach resonance.
The precise knowledge of the interaction potential in atom-atom collisions is crucial for many experiments with ultracold gases. Since ab initio calculations of the potentials are often too inaccurate, experimental techniques such as photoassociation spectroscopy are needed. We present a new technique to determine the energies and lifetimes of shape resonances.
The shape resonance studied here occurs in the collision of two 87Rb atoms, but our technique could equally well be applied to, e.g., heteronuclear collisions. Starting from an atomic Bose-Einstein condensate, molecules are associated by sweeping the magnetic field across a Feshbach resonance. A ramp in the opposite direction dissociates the molecules back into free atoms [1] . For magnetic fields above the Feshbach resonance, the molecules spontaneously dissociate into unbound atom pairs.
The total molecule dissociation rate is enhanced when the energy of the molecular state matches the energy of the shape resonance. By scanning the magnetic field across the shape resonance, the energy and lifetime of the shape resonance were measured [2] (see Fig. I a) .
The Feshbach resonance used here involves a bound state with orbital angular momentum I = 2 for the relative motion of the two nuclei around each other. The dissociated atom pairs populate the s and d partial waves leading to a spatial interference pattern (see Fig. I 
